INTRODUCTION
Web-building spiders are valuable subjects for the study of behavior since the spider provides a record of much of its behavior through its web. Descriptions of the gross structure of the web and 13 zontal web of Cyrtophora citricola in Kullmann's (1957) In the study reported in this paper, we investigated the fine structure of most of the types of thread connections which are found in the web of Aranens diadematus Clerck. Within the web there may be between 1000 and 1500 locations at which one thread is fastened to another thread (Fig. 1) . Mooring threads fasten the web to some non-thread structure and may be continuous with some of the frame threads (Witt, et al. , 1968) . There are frame thread to frame thread connections, forming Y's with the stem of each Y being a mooring thread. Each radial thread is fastened to a frame thread. Occasionally, a radius will be in the form of a Y-structure at its peripheral end; the stem of the Y connects with the hub; and each arm, or secondary frame thread (Peters, 1939) , fastens to either a frame thread or a radial thread. However, the majority of the connections within the web are the viscid or sticky spiral to radius connections in the trapping zone. Most of these are at points at which the sticky spiral thread extends from both sides of the radius. Occasionally, especially in the lower portion of the web, the sticky spiral thread meets the radius but does not continue on the other side. In the strengthening zone (Savory, 1952) or notched zone (McCook, 1889) , non-sticky spiral threads are fastened to radial threads. The strengthening zone surrounds the apparently disorderly network of threads in the hub (McCook, 1889) . Non-sticky spiral thread to radial thread connections are also present in the provisional spiral, a structure which is removed as the sticky spiral is added. Each of these types of connections will be described except for those at which a sticky spiral meets the radius but does not continue on the other side.
METHODS
All thread connections surveyed in this study came from webs of laboratory reared adult female cross spiders ( Araneus diadematus Clerck). Each spider was kept in a 51 x 51 X 9 cm aluminum frame with removable glass doors and was provided with one house fly twice per week, water daily, and controlled conditions of light and temperature (Witt, et al., 1968) . The age (3 to 4 months since emergence from the egg cocoon), weight (88 mg to 134 mg), and time between food consumption and web construction ( 1 to 8 days, with the majority at 1 day) were relatively constant for spiders used in this study; and within these ranges for these factors, no cor-Jackson -Web of Araneus relation was apparent between these factors and structural features of the connections.
The day before the connections in a spider's web were to be looked at, the glass doors were removed, and the old web was destroyed.
The new web, built by the spider early the next morning, was treated as in Witt et al. (1968) When strands were counted at a connection, "separate strands"
were defined as strands with a visible space between them in the photomicrograph. However, sometimes an estimation of the number was used because some strands were hidden by others, and some were out of focus.
The reader may refer when necessary to the following list, in alphabetical order, of abbreviations which will be used in this paper; FY, frame Y-structure; NS, loop of non-sticky spiral from the strengthening zone; NS-R, non-sticky spiral to radius connection from the strengthening zone; PS, loop of provisional spiral; PS-R, provisional spiral to radius connection; R-F, radius to frame connection; RY, radial Y-structure; SS, loop of sticky spiral; SS-R, sticky spiral to radius connection.
RESULTS
The microscope reveals a wealth of structural detail at thread connections from which many component features can be abstracted, and the complexity and variability of which make description difficult. Some features of the structures will be pointed out in the following sections; and sample photomicrographs will be presented. Various descriptive statistics (percentages, means, coefficients of variation, and ranges) will be used to provide an impression of the prevalence of certain features and the central tendency and variability of meas- In reading the following section, the readers may refer to Table 1 and Table 2 for data pertaining to SS-R's.
We will define a "junction" as the space along a thread at which another thread is fastened to it. By "connection" we will mean The radius at the frame side of all SS-R's and, less frequently, the radius at the hub side of a SS was rougher in appearance and thicker adjacent to the junction than the same thread further away from the junction. These areas will be referred to as sleeves (Fig.  2d ). For any given junction, the sleeve on the radius at the frame side was at least 25 jjl longer than the one on the radius at the hub side; and usually it was longer than the one on the SS.
Perhaps threads are strengthened by sleeves, and the prevalence and length of sleeves are related to the magnitude of the tensions they must withstand in the web. Measurements of these tensions would be useful. At some SS-R's, the SS joined the radius as a single strand at both sides of the junction (Fig. 2b and 2d ). Other SS-R's consisted of various numbers of strands (Fig. 2a, 2c Globules (Fig. 2d) , presumably containing the viscid material, were seen on SS's in the vicinity of the junction, but none were seen on radii. There was a variable amount of space between the junction and the nearest globule. Observations of SS's at positions other than the vicinity of SS-R's produced the impression that the space density of globules (number of globules within a given length of thread) was rather constant. In contrast, the number of globules within 200 fi of both sides of the radius at a SS-R was quite variable.
Stretching the SS is the probable cause of the accumulation of viscid material into globules (Savory, 1952) . The radius may interfere through being a discontinuity in the stretched line and, in this way, be responsible for the less uniform distribution of globules near the junction.
It is believed that the ampullate gland produces the silk for the radii and the baseline of the SS's, with the aggregate glands producing the viscid material (Peakall, 1969) . However, the radial thread is not simply equivalent to a viscid spiral thread minus the viscid material because the radial threads we observed were generally thicker than SS's, although both had the same minimum thickness. Also, DeWilde (1943) found that viscid spiral threads are much more extensible than radial threads, and we observed loose strands (Fig. 2d ) along the radii in the vicinity of SS-R's but never on SS's.
Connections from the Strengthening Zone and Provisional Spiral to Radius Connections: Table 3 and Table 4 contain data pertaining to NS-R's. The motion pattern of the spider differs during construction of NS-R's and PS-R's on the one hand and SS-R's on the other. The fourth pair of legs are relatively motionless and touching the radius as a NS or PS is fastened to a radius. However, as the spinnerets touch the radius in generating a SS-R, one of the fourth legs stretches the SS. In comparison to NS-R's and PS-R's the construction of SS-R's apears slow and deliberate (Savory, 1952) . There are also differences in the fine structure of these connnections.
Junctions of NS-R's (Fig. 3) were usually much longer than those of SS-R's. There were no zero junctions. In contrast to SS-R's, neither radial nor spiral threads ever appeared as continuous lines at NS-R's. This created the notched appearance of the strengthening zone. Also, unlike SS-R's, the junctions of NS-R's always had a rough appearance.
NS-R's had sleeves on radial or spiral threads less often than SS-R's. Unlike some SS-R's, there was a sleeve on no more than one strand at any one NS-R.
As at SS-R's, a spiral thread at a NS-R often joined the radius as several strands. However, some SS-R's had many more strands than were found at NS-R's.
Only two PS-R's (Fig. 4a) were looked at, and they resembled NS-R's in length and roughness of the junction, in configuration of threads, and in having sleeves and a number of strands.
Is the manner in which the structure of NS-R's and PS-R's differs from the structure of SS-R's related to differences in movement pat-Psyche [March-June Typical non-sticky spiral to radius connection from strengthening zone. Sleeves can be seen on spiral (NS) at one side of radius (R) ; NS at other side consists of 3 strands. There is rough appearing space between points at which spiral joins each side of radius, and radius is out of line. Provisional spiral (PS) to radius (R) connection, a. Notice resemblance to NS-R's (Fig. 3) . b. Globules can be seen on one of the strands.
terns during web construction? The spinnerets are capable of "to and fro" and complex rotary movements (Wilson, 1969 The production of radii, NS's, and PS's, is attributed to the ampullate glands. The aggregate glands, to which production of the viscid globules is atributed, are not believed to be involved (Peakall, 1969) . Some spiral and radial threads at NS-R's and PS-R's resembled radii at SS-R's in having loose strands and no globules, However, one PS-R had tiny globules, smaller than those on SS's on a thin (0.5 jjl -1 /x) strand (Fig. 4b ). How were these produced, and what glands were involved? Psyche [March-June Table 5 Descriptive statistics for some structural features of radius to frame connections (R-F's). For each feature 5 webs built by 4 different spiders were observed. R-F's were rather variable with respect to these features, as indicated by the coefficients of variation. Note that frame threads at R-F's were thicker than threads at SS-R's and NS-R's (see Table 2 and At the only hub we investigated, there were thread connections resembling NS-R's (Fig. 5a ). Others were compound, with threads radiating from the junction in more than 4 directions, probably the result of two or more connections being made at the same place at different times. The shapes of some junctions from the hub (Fig. 5b) were quite unlike the shapes of those from any other observed type of connection. There were many loose threads and strands of thread (Fig. 5a ), perhaps the effect of changing tensions as the spider moved about the hub. The discovery of globules on threads at the hub (Fig. 5b) resembling those on SS's, raises the question of which glands are in operation as the hub is formed.
Radius to Frame Connections and Y-Structures
In reading the following section the reader may refer to Table 5 (R-F's) and Table 6 (FY's). In general appearance, R-F's and Y-structures resembled each other more than they resembled other types of connections in the web. However, many of the structures we have already mentioned in the discussion of other types of thread connections were also found at these connections.
We examined 8 R-F's, 5 FY's, and one RY. Each R-F (Fig. 6) and FY (Fig. 7) had one sleeve. Those at R-F's were on the frame; those at FY's were on the stem of the Y. The RY (Fig. 8 Whenever the spider moves about outside of its web, it continually plays out a drag-line which it periodically fastens to the substrate.
The ampullate gland which is involved in the production of the scaffolding of the web (frames, radii, NS's, and PS's) is also involved Psyche [March-June in producing the dragline (Peakall, 1969) . We examined two dragline attachment disks (Fig. 9) The production of the drag-line attachment disk is attributed to the piriform glands (Peakall, 1969) . Threads between 0.5 /i and 1 /A thick can be seen emerging from the spools of the piriform glands in Fig. 10 . The thinnest strands which could be resolved at the attachment disks were in this range of thickness (Fig. 9b) Thread connections from hub. a. Notice loose thread (A), connections resembling NS-R's (B) (Fig. 3) , and compound connections (C).
b. Junctions of unusual shapes. Also note globules (G), which resemble those on SS's in Fig. 2 disks except that each thread is fastened to another thread rather than to a non-thread substrate. However, the number of strands (over 100, counting only those which touch the drag-line) at dragline attachment disks (Fig. 9a) greatly exceeded the number at any connection from the web. Also, globules which, with the exception of one PS-R, were never observed on the minute strands of connections from the web, were found on some 0.5 /x -1 [i thick strands at drag-line attachment disks (Fig. 9b) (Lucas and Rudall, 1968 Some were mentioned in this paper; others have probably occurred to the reader. Hopefully, these will be pursued further in future studies.
